There is an expectation from graduate schools, professional schools, industry, and K-12 administrators that students acquiring an undergraduate chemistry degree with laboratory research will gain the necessary knowledge and develop the required skills to successfully complete their specific laboratory projects and future jobs safely. This includes knowledgeable handling and management of biological, chemical, and physical laboratory hazards. To do this, students must be able to locate and evaluate chemical, regulatory, and toxicological information from various reliable sources. Traditionally, chemical safety and information literacy have been seen as skills to develop one project at a time rather than discrete chemistry sub-disciplines. However, many chemical educators, safety professionals, and librarians agree that these are more than project-specific skills. Chemical safety and information literacy are learning objectives in their own right. To support effective teaching of these objectives, best learning practices can be applied to the formal structure of "in lab" training and supported with safety and information literacy competencies. Educators should begin to consider developing innovative ways of incorporating the learning objectives and {PAGE } evaluation tools required to help students develop an aptitude for applying knowledge and skills in independent laboratory based work. Education organized around the aspects of knowledge and skill acquisition (accommodation, assimilation, and assessment) can help create a well-developed undergraduate curriculum promoting ethical, safe, and informed behaviors while increasing chemical safety knowledge that can be transferred from the teaching laboratory to the research laboratory.
There is an expectation from graduate schools, professional schools, industry, and K-12 administrators that students acquiring an undergraduate chemistry degree with laboratory research will gain the necessary knowledge and develop the required skills to successfully complete their specific laboratory projects and future jobs safely. This includes knowledgeable handling and management of biological, chemical, and physical laboratory hazards. To do this, students must be able to locate and evaluate chemical, regulatory, and toxicological information from various reliable sources. Traditionally, chemical safety and information literacy have been seen as skills to develop one project at a time rather than discrete chemistry sub-disciplines. However, many chemical educators, safety professionals, and librarians agree that these are more than project-specific skills. Chemical safety and information literacy are learning objectives in their own right. To support effective teaching of these objectives, best learning practices can be applied to the formal structure of "in lab" training and supported with safety and information literacy competencies. Educators should begin to consider developing innovative ways of incorporating the learning objectives and
Introduction
In the wake of several well publicized and tragic accidents which have occurred in university chemistry laboratories over the past few years, there has been much discussion among stakeholders (e.g., chemistry faculty, institutional administrators, professional organizations, and safety professionals) about how the "safety culture" in academic labs might be improved. 1 Like most paradigm shifts, it should be expected that evolving our chemical safety culture from "reactive" to "proactive" (i.e., shifting the culture) in academic laboratories will take time. From the intensity of the current discussions, it might seem that the incorporation of chemical health and safety into the chemistry curriculum is a new idea. It is not.
…clearly the time has come when a basic competency in laboratory health and safety is required of all science and engineering graduates. The sooner this phase of education is included in earnest in chemistry courses and curricula, the sooner we will have fulfilled an ethical obligation. 2 The above statement was published in a J. Chem. Ed. article in 1977, and yet most chemistry majors still graduate without a specific course in chemical safety on their transcript. This is not to imply that progress has not been made in the teaching of chemical safety, but moving forward from this point requires an evaluation of how future scientists and science teachers are educated in chemical safety within their discipline, especially with respect to hazard and risk management.
Ubiquitous to every wet laboratory is the need for information concerning chemical properties and research methodologies. Chemical information is highly valuable and sought after in chemical industry, medicine, materials, energy, and many other applied sciences. Numerous highly sophisticated and specialized collections of chemical literature and data have evolved to support these demands. However, important information for assessing and managing safety in
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labs is scattered across numerous sources and proactive searching for potential chemical incompatibility or process hazards poses a significant burden when planning experiments. Proficiency in searching diverse chemical literature has long been recognized as a core activity in the discipline, but as with chemical safety, there has not been widespread active incorporation of information literacy into the curriculum. 3 Part of undergraduate education is preparing students for the workforce, 4 but academia has tended to lag behind industry in promoting safe work environments, thus creating graduates without the needed safety and information skills. 5 As Livingston noted in 1964, "Scientific research in the campus laboratories is one of the most exciting activities in the world of ideas, and one of the least orderly in the world of organizations." 6 One recent analysis of OSHA injury and illness data showed that the incidence rates in academic institutions were significantly higher (2.2 per 100 workers) when compared specifically to those of Dow Chemical (0.33 injuries per 100 workers). 7 Educational programs that can produce chemistry graduates who have built a knowledge base in chemical safety and information literacy will be much more competitive in the job market.
Teaching and Learning Chemical Safety and Information Management
In 2015, the American Chemical Society Committee on Profession Training (ACS CPT) issued a revision of the ACS Guidelines and Evaluation Procedures for Bachelor's Degree Programs. In the revised edition, chemical safety and information management (along with several other core professional practices) are addressed under "Development of Student Skills." 8 Skills represent the ability to apply knowledge, and thus knowledge of a topic is a prerequisite for skill development. Acquisition of knowledge should be embedded in the curriculum -preferably as a subject course that can treat the basic frameworks. Risk assessment is considered a full sub-discipline in the chemical safety industry. Building on the CPT guidelines, the education community needs to develop a framework for incorporating risk assessment into the undergraduate chemistry curriculum.
Chemical safety is more than memorizing safety rules that are offered at the beginning of the semester as a disjointed list of "dos and don'ts" and then hopefully applied to laboratory work. Similarly, information literacy is more than depending on a search box that seemingly magically locates the most pertinent authoritative publications from among millions on the Internet based on a few key terms. Safe, informed, laboratory-based chemical research requires the ability to assess the applicability of previously learned 'rules' in different situations and apply them to the work at hand. Conscious application of knowledge is common to practicing laboratory safety and information management and is not an intuitive skill. Effective teaching of these skills involves expanding the knowledge base from rules to assessment techniques and shifting classroom focus from input to outcomes more typical of research and discovery science.
Effective chemical safety and information literacy education for undergraduates can create new cognitive categories in a learning process known as accommodation. Accommodation occurs when a new experience causes a student to alter or maybe even completely rearrange their current thinking. 9 Assimilation adds new information to existing cognitive categories. Once an individual has established cognitive categories, new information can be added to those categories in the future with less learning effort. 9 In a simple analogy, accommodation is building a mental box and assimilation is putting things in the box. It is easier to gather and hold onto useful ideas if first there is a box built to put them into. By not directly addressing chemical safety and information literacy as part of the undergraduate curriculum, we are not allowing our future chemists to form genuine cognitive accommodation categories around these subdisciplines impacting their daily lives and future careers as laboratory researchers.
The current trend in undergraduate chemical education is to get students into the research lab as early as possible. At the undergraduate level, students do not yet have much exposure to the scientific research context. Undergraduate programs are focused on familiarizing students with the fundamental principles and models that differentiate the scholarly disciplines. Familiarity with research techniques is developed in lab sections, but the skills for putting these into practice to address novel research problems as expected in a research setting are not intuitive. This challenge for students is further reflected in the need to incorporate information and safety concepts into the research process. The question of how to translate concepts to procedures can be addressed in successive levels of learning outcomes, starting with formulation of rules followed by rationale and finally processes and risk assessment tools.
The underlying frameworks in laboratory safety and information literacy and their application to chemical research could constitute a dedicated course on professional, life-long skill building. However, barriers such as limits on major hours and lack of faculty with the expertise to teach these specialized topics are sometimes cited as reasons why it is difficult to add a course on chemical safety and/or information literacy as a curriculum item on par with the other subdisciplines of chemistry. This chapter offers an approach for incorporating laboratory safety knowledge and information literacy concepts into existing classes.
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! CATEGORIES FOR BASIC SAFETY RULES •! PROPER CONDUCT & BEHAVIOR •! PROPER LAB ATTIRE •! SAFE HANDLING OF CHEMICALS •! SAFE HANDLING OF EQUIPMENT •! SAFETY EQUIPMENT & PPE •! PROPER HOUSEKEEPING •! PROPER HYGIENE •! EMERGENCY PREPAREDNESS !
Evolving Basic Lab Safety -From Rules to Understanding
In introductory chemistry labs, risk has traditionally been controlled by having students adhere to well-established safety rules addressing several basic categories of hazard ( Figure 1) 10 and utilizing chemicals and procedures which have hazards that are well classified.
Undergraduate students in their first chemistry courses do not have the necessary competencies to assess hazards, determine risk, and/or locate reliable information to control risk. It would be negligent for an instructor to allow students to enter their first chemistry laboratory with only the warning: "Be careful, evaluate the hazards and determine the risk prior to work, and use your common sense." Without prior experience, it is difficult to recognize hazards or know how to assess risk. How can information be evaluated if there is no knowledge base? ! Rules are useful reminders as outcomes of previous thought, but should not be presented as a disjointed list of those thoughts. Giving a student a list and imploring them to behave accordingly will not promote learning. As shown in Figure 2 , basic rules or guidelines can be used to help develop chemical safety competencies. In the chemical safety learning process, accommodation starts with the safety rules which create specific cognitive categories (boxes). Explanation of the rules, lessons learned, historical context, and risk assessment (parsing new ideas into those categories) evolves the rule through assimilation and develops chemical safety competencies. If students are given little additional information beyond the rules to assimilate into their categories, learning may stop at accommodation. Table 1 shows some examples of rule rationale that can be presented as one introduces a lab class to the rules. As a pre-laboratory assignment, each student could be assigned two or three common rules and asked to research the rationale for the rule. Their results would be discussed prior to the lab -including reliability of the sources of information used in the searches. Exercises like this would make the rule concept more concrete and assist with the assimilation process. Table 2 illustrates the translation of these ideas for a few rules.
After a few laboratory courses, students have developed some basic knowledge about hazards, but have relied on following rules to minimize risk. As experiments and processes become more advanced in upper level undergraduate courses and research, the hazards will become greater, more complicated, and more complex. The rules must evolve from a list of "dos and don'ts" to learning about assessing risk based on the hazards, as illustrated in Figure 3 by the process of selecting personal protective equipment (PPE). Confine long hair and loose clothing.
Hair and loose clothing can easily become entangled in moving parts or catch fire when using Bunsen burners.
Never work alone in the laboratory.
Incidents are usually unexpected. When they do happen, time is critical. Someone knowledgeable about the work should be working nearby to assist with an emergency. Never consume any food or beverage when you are in a chemical laboratory. Do not chew gum or tobacco, and do not smoke or apply cosmetics in the laboratory.
Food and products can become contaminated. Any of these activities can inadvertently transfer chemicals to your mouth or skin.
Always wash your hands and arms with soap and water before leaving the laboratory, even if you wore gloves.
In the lab, contact with chemicals is always a possibility and contact may be inadvertent and go initially unnoticed.
Never pipet by mouth. Always use a pipet aid or suction bulb.
Pipetting by mouth directly exposes the worker to ingestion of chemicals. This technique was discontinued long ago in the US, but it is possible that students may come from countries where this might still be practiced. Never remove chemicals from the laboratory without proper authorization.
There is no justification for personal use of chemicals. Removing chemicals from a laboratory is unethical and may be illegal. Report violations of your laboratory's safety rules to your instructor-you could save their lives and your own.
Safety is everyone's responsibility. Safety concerns are learning opportunities for everyone when presented without blame. Do not change procedures without careful thought as to how this may affect the hazards of the chemicals or processes being used. Following instructions is very important, but action without thought can be dangerous also. Discuss controlling change.
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Never perform unauthorized experiments.
Be sure to realize your limitations and ask for clarification when you don't understand something. Follow any laboratory specific Standard Operating Procedures (SOP) without deviation.
Become thoroughly acquainted with the location and use of safety equipment and facilities such as exits, safety showers, and eyewash fountains.
Become an active participant in the maintenance of the safety and engineering equipment (e.g. hoods) in the laboratory. Assign tasks to various lab workers on a rotating basis. Ensure that showers, eyewashes, and exits are never blocked.
Before undertaking any laboratory work, become familiar with the hazards of the chemicals involved.
Perform a hazard analysis or risk assessment using standard methods such as those presented in "Identifying and Evaluating Hazards in Research Laboratories" 11 to uncover hazard and reduce risk.
Incorporating Chemical Safety and Information Literacy into Chemistry Curriculum
The reactivity of chemicals is the focus of most chemical study and creating a completely 'safe' fictitious laboratory experience would necessitate elimination of the most active participants in wet laboratory processesincluding many organic solvents and oxidizing substances. Educating chemists that have never handled chemicals may be safe, but would produce a very hazardous workforce! In addition to chemicals, there are many other hazards that are likely to be encountered in a laboratory. Any active process involving manipulation of equipment, handling stock bottles and storage containers, and operating at temperatures and pressures other than ambient, presents potential dangers to operators. There are many challenges that face the incorporation of safety concepts into undergraduate chemistry activities, but chemists must be taught how to locate information, determine hazards, and reduce risk to an acceptable level that has been predetermined based on worker experience and/or institutional guidelines. Putting safety concepts to work in a research laboratory setting hinges on the ability of the students to evaluate and assimilate data and information related to the work at hand.
Teaching undergraduate students how to create a risk assessment tool takes learning to the next level by incorporating new conceptual knowledge into the undergraduate curriculum and facilitating assimilation of ideas about safety and authoritative information beyond the basic rules. Performing a risk assessment on a chemical or task requires students to use information to recognize, understand, and prioritize hazards and then consider ways to eliminate or reduce risk to a level that enables work to proceed safely. In this way, risk assessment combines more advanced concepts of chemical safety (toxicology, controls, physical hazards of chemicals, PPE selection, etc.) with chemical information skills. The CPT report on Chemical Information Skills states that, "…the incorporation of exercises that require students to develop familiarity with the chemical literature should be an integral part of the chemistry program." 12 Students must go to the literature to gather information that enables the determination of hazards and the evaluation of risk. Creating a risk assessment tool is a perfect exercise to fulfill the CPT informational skill requirement while also teaching risk assessment methodology and critical thinking.
Learning outcomes benefit students by focusing their attention onto what is important. 13 Learning outcomes also benefit research mentors by ensuring that students have the competencies to work with process specific hazards. The safety professional and librarian contribute by establishing the criteria that will measure the success of the training. A well-written learning objective should contain three components: 9 desired outcome, or what should be expected of the trainee after training; conditions under which the expected outcome will take place; and standards or criteria that will define an acceptable outcome. Three examples of assignments which can evaluate the quality of an assignment and have specific, assessable learning objectives are presented in Figure 4 . For each of these exercises, students are directed to very specific information source.
Basic hazard potential of chemicals is communicated via the classification assigned by the Globally Harmonized System (GHS) symbols and codes that can be found on Safety Data Sheets (SDSs, formerly known as MSDSs) and on chemical supplier bottles and packages.
14 The National Institutes of Health (NIH) and other agencies provide many databases for finding more extensive chemical property, safety and toxicological information, most of which are indexed by the ChemID Advanced search tool. 15 The National Academy of Sciences (NAS) recommends use of a Laboratory Chemical Safety Summary (LCSS) to guide chemical information gathering appropriate to the research lab setting. 16 The National Library of Medicine (NLM) PubChem database compiles data into LCSSs from SDSs and other authoritative safety data sources. 17 A longer list of information databases can be found at the NLM Enviro-Links for Lab Safety guide 18 and in Appendix C.
Figure 4 -Learning Objective Examples with Components
The Hazard & Risk Evaluation Matrix from Stony Brook University is a particularly good tool to use for teaching informational skills relevant to risk assessment. 19 Information is required that cannot be found on many SDSs. Additionally, for many substances, various physical values will often not be published in databases and students have to try and find primary sources. What students often discover is that many chemicals are not well studied and that toxicological and regulatory values are lacking. Students learn from this that "no data available" and "safe" are not synonymous. In fact, if the indicated information required for filling in the matrix cannot be located or is not known (flash point for example), students must assign a high level of risk for use since the hazard is an unknown.
As in the case of assessing safety concerns, entry-level undergraduate students have few competencies developed for managing the primary research literature beyond simple keyword search. Generally, students need to understand where to find authoritative information, how to distinguish scholarly from nonscholarly sources, include references in papers without plagiarizing, and properly construct bibliographies. These competencies have been outlined by the
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Association of College and Research Libraries (ACRL) as part of the research cycle. 20 Stuart and McEwen previously demonstrated the alignment of this cycle with the risk assessment process (iRAMP). 21 An example risk assessment information search process is shown in Table 3 . A sample workflow for researching the flammability of glacial acetic acid is illustrated in Figure 5 , including documenting sources. The additional data on vapor density collected via PubChem LCSS could prove useful in preventing a potential fire by informing the user about flammable vapors accumulating in low areas.
Evaluating the authority and quality of data is of particular importance in conducting risk assessment. Applying data inappropriately could result in a lab mishap where a worker is exposed or injured. For example, if a substance becomes hazardous upon decomposition, the temperature at which this would happen is critical for working safely with that chemical. Relying on an inaccurately reported decomposition temperature could put workers at risk. The updated 2015 ACRL Information Literacy Framework emphasizes that the authority of information is contextual and thus all sources of information have some bias and scope limitation depending on their purpose. 22 Many chemical safety databases from NLM aggregate information from a variety of agency sources with a diversity of intended audiences and needs. The information in any one source may not be targeted for all types of use and the user may not realize when information is missing or irrelevant for their context. The profile of information included in SDSs commonly available in many labs is primarily targeted towards transportation of large quantities of chemical materials and may not be fully informative about use of a chemical in a lab setting, such as the example given for the flammability of acetic acid. To use information from any of these sources, researchers need to develop relevant criteria for the conditions of their research project, such as the Evaluation Matrix offered by Stony Brook.
19
During this process, students must ascertain if the data they find is at the right scale, for the right forms of chemicals and types of equipment, and reported under similar conditions as specified in their own lab procedures. They may need to convert units, or follow the original citation to determine if the data is appropriate for their project. The importance of checking multiple sources to determine the accuracy of data becomes evident. For example, ChemIDPlus Advanced and PubChem LCSS both include data from multiple sources for comparison. 15, 17 Suggested performance indicators and learning outcomes have formed the basis of many rubrics for incorporating these evaluation practices into class exercises. 23 Further guidance for educators on skill development in using chemistry literature are provided in the CPT Supplemental Guidelines for Chemistry Literature, 12 and the Information Competencies for Chemistry Undergraduates from the Special Libraries Association.
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{PAGE } Table 3 -Information Search Process for Risk Assessment
Step Task 
Integrating a Job Hazard Analysis Tool into an Existing Course
In 2015, the ACS Committee on Chemical Safety released their final report document, "Identifying and Evaluating Hazards in Research Laboratories."
11
Chapters 8-12 in this document give general guidance on five specific tools (Control Banding, Job Hazard Analysis, What-if Analysis, Checklists, and Standard Operating Procedure Development). Students can be taught to create and use any of the tools, but the Job Hazard Analysis (JHA) lends itself particularly well to both teaching and learning risk assessment and information literacy in the classroom setting. The JHA may go by various names all having similar formats and use, but the commonly recognized version today is the one that OSHA has publicized. 25, 7 In fall 2012, an assignment using the JHA was integrated into the senior capstone course (CHE 4000) at Appalachian State University. This course has {PAGE } one to three sections each semester, depending on the number of students registered. For the period of assessment reported on in Appendix B, the enrollment was between 20 and 40 junior and senior chemistry majors each semester. All students in the ACS-certified degree track are placed into a "research active" section. The other students are grouped together in sections for those not actively engaged in research. The reason for this is that the assignments for the research proposals will be structured differently for students actively engaged in research.
The JHA was incorporated into research proposal activity because it was realized that teaching risk assessment could increase chemical safety, information literacy, and provide data to demonstrate the program effectiveness with regard to teaching chemical safety. From the course syllabus:
The student will review of the background literature on the chosen topic. Working closely with the course instructor and faculty advisor, the student will develop a research proposal that will be presented to the faculty of the Department of Chemistry in written form and as a poster presentation following guidelines published by the American Chemical Society. You will also write a curriculum vitae (CV), a cover letter, a personal statement, a job hazard analysis and a research proposal that could be submitted to the Office of Student Research (OSR). Specific skills of preparing and defending a research proposal will be common to all students who complete the course. 26 The JHA is a particularly good tool to use for this assignment because it forces students to think about the task from a birds-eye view. To facilitate constructive critiquing when grading and for departmental assessment, each student completes the same assignment: Prepare one liter of a 1000 ppm stock solution of copper(II) ions from copper solid (CAS 7440-50-8) and concentrated nitric acid (CAS 7697-37-2) for Atomic Absorption Standards. A completed JHA for this process is shown in Appendix A.
To kick off the assignment, the Chemical Hygiene Officer (CHO), a chemistry department faculty member, attends the capstone course as a guest lecturer. At this time, the students are introduced to the psychology of risk response, various types of hazards, risk assessment, the hierarchy of controls, and the structure of a JHA tool. Students are given a specific template to use, instructions for filling out the template, and a list of credible websites where relevant information can be located. Should the school have a librarian familiar with the required information sources, that person could be invited to the initial lecture to discuss reliable sources. Students are typically given 2 to 3 weeks to complete their initial draft.
Dividing the process into an appropriate number of meaningful steps and assigning an appropriate risk level to those steps often proves particularly difficult for students. For example, the student might give the first step of the procedure as, "Pour 20 mL of concentrated nitric acid into the beaker." This completely bypasses a step which has a significant layer of hazard -removing the acid bottle from storage and transporting it to the hood or counter.
For this exercise, risk must be reported both quantitatively and qualitatively. Various tools are available in the industry to determine a "risk" value based on three parameters -severity of consequence, likelihood, and frequency of exposure. For this assignment, students use a tool that assigns numerical values for the three factors on scales ranging from unlikely or minor to continuous or catastrophic. A semi-quantitative value may be calculated by multiplying the assigned values to estimate risk. 27 In most cases, risk determination is a new concept for the students and can be exaggerated or underestimated easily based on their nascent judgment and limited knowledge of hazards. Grading on student assigned risk values is based on relativity for this exercise. Students must assign the greatest numerical values to the high risk steps and they are not penalized if the numerical values on all steps are inflated, so long as the riskiest step is assigned the highest numerical value.
Students in the capstone course who are actively performing research must also develop a JHA later in the semester for a chemical or task being used in their research project. In this way, these students must apply what they have learned in the initial JHA assignment to an actual laboratory project. This research JHA is a graded component of their final senior research proposal. Students are encouraged to discuss their research JHA with their advisor and obtain an approval signature. Again, this is not a new idea. In 1964, Livingston argued that risk assessment (or what he refers to as "safety considerations") should be added to research proposals. As defined by Livingston, "Safety considerations are those mental processes that determine if hazards to health or property values are likely to be involved in a proposed course of action, and evaluate the steps." 6 
Assessing Learning to Demonstrate Acquired Knowledge and Skills
Once the draft is submitted, it is critiqued with comments for improvement by the CHO. Students are given the opportunity to improve their assignment based on the feedback before resubmitting it for grading. If desired, students may schedule appointments with the CHO to review their critiqued draft before preparing their final tool. How reflection aids the accommodation to assimilation process for learning risk assessment is discussed in Appendix B. The purpose of this assignment is not to produce a perfect assessment tool, but to teach students how to think about laboratory hazards, risk, controls (or barriers), and use research information to support their ideas.
The student JHAs are graded on a range of criteria such as considering the hazards associated with the chemical and equipment, the method of risk assessment, and the selection of risk management controls (summarized in Table  4 ). The full grading rubric used to assess competence is shown in Appendix D. This assignment has been used for the safety component of our departmental program assessment since the fall semester of 2014.
For departmental assessment purposes, the JHA assignment in all sections of the capstone course addresses our program goal, "To acquire a thorough knowledge of laboratory methods and techniques." The student learning outcome (SLO) for this goal that is being assessed is, "Students will evaluate and manage experimental hazards and assess risk." The SLO will be met if, "Seventy percent (70%) of the students score a sum of at least 30 points (60% or "competent") out of a possible 50 points on their completed assignment." This SLO has been assessed for a total of five semesters from fall semester of 2014 through the spring semester of 2016. Evaluation of the assessment is reported in Appendix B.
Table 4 -JHA Grading Criteria
Overall, the response to this assignment from the students has been very positive. Students will often ask at the end of the semester, "Why don't we learn
Major Components
Ideal Documentation After consideration of these types of comments, the department has moved the JHA assignment to CHE 3000, a junior level introduction to chemical research course. Students in the ACS-certified degree track will continue to complete a JHA based on their research in the capstone course (CHE 4000).
Conclusion
There is a widely held belief that students who graduate with an undergraduate degree in chemistry will have acquired a broad knowledge of a number of supporting skills, including chemical safety, information literacy and ethics, and that this knowledge will have been gained from a cumulative exposure to general rules and various experimental procedures. However, observations from thirty years of teaching undergraduate chemistry majors indicate that it is currently unlikely students have been exposed to complex chemical safety subjects such as risk analysis, hazard determination, toxicant exposure control (aside from putting on gloves and goggles), understanding regulatory agencies and regulations, and how to find peer-reviewed information on toxicants. A dearth of recorded documentation of safety planning in academic research labs suggests it is regarded as secondary to designing chemical procedures at the research level.
Future chemists must learn to work safely with chemicals. Changing culture does not happen spontaneously -or even quickly. The concepts of "safety culture" or "information literacy" are not new and chemical educators must be part of their advancement in the curriculum from middle school on. Educators must be willing to incorporate and embrace the proactive paradigm for teaching both chemical safety and information literacy in as many different ways as possible. If we are expecting a paradigm shift in academic ethical culture to occur, new competencies must be taught as part of the curriculum. Learning {PAGE } these critical thinking and application skills and knowledge should be treated no differently than any other subject.
Students need to learn to effectively recognize hazards, assess and minimize the risks presented by those hazards, and prepare for emergencies. 29 They should be exposed to chemical safety early and often to facilitate accommodation, which will, in turn, make the assimilation of new knowledge easier later. Students who develop competencies in chemical safety as undergraduates early in their research career creates researchers with a strong "safety culture" who can assimilate more complex chemical safety concepts easier as they progress in their career. Transfer of knowledge into the lab can be more successful if research advisors and mentors understand chemical safety learning objectives and encourage student learning. The theory of risk assessment should be taught to every future chemist. Universities should not only be teaching chemical safety, they should be producing chemistry graduates with concentrations in chemical safety or occupational health & safety who have the knowledge and skill to make informed decisions when assessing the hazards of a laboratory. 
Appendix B -Assessment Results
The grading rubric shown in Table D1 was developed to evaluate ten areas of knowledge on the copper digestion JHA as well as standardize grading. During the assessment period for this assignment period, 103 assignments were evaluated. A summary of the data is shown in Figure B1 .
Figure B1 -Assessment Data
Although Figure B1 shows that the criterion (raw score = 30) was met over the full assessment period (77% of the students attained a grade of 60 or better), it should be noted that there were individual semesters when the criterion was not met.
In fall of 2014, the importance of reflective work for this assignment was shown by the data. That semester, the capstone course consisted of students actively engaged in research as well as those on non-research tracks. Students submitted their JHAs for critique and then improved the tools based on that feedback. Only 14 of the 17 students resubmitted their corrected drafts for grading and therefore 3 drafts were scored without corrections. Those grades were included in the grades for the semester assessment. Including the draft grades in the data for that semester resulted in an assignment average of 62% which does not meet the 70% criterion. By not considering the 3 drafts in the data set, the criterion is met at 77% scoring 30 or better.
The importance of reflective learning was also noted in spring 2015 when the students in the non-research section were unable to have the reflective learning experience due to poor timing of the lecture for that section. The lecture was presented too late in the semester and we simply ran out of time to submit a JHA, allow time for comments, and score the JHAs for that section. To compensate for this, students in that section were given a document offering general flaws often seen in JHAs and suggestions for improvement. Even with this "general critique", the assessment criterion for that section (spring 2015) was not met. Only 50% of the students scored 30 or better. Compare this to the section with the research students (spring 2015) where time for reflective work was given and the criterion was met at 82.3%. It is possible, however, that actively performing laboratory research contributed to the higher assignment scores for that section. Students construct a JHA in the instructor provided template (see completed example in Appendix A). All references to additional hazard information, SOPs, risk matrices or other supporting information to control hazards should also be included in the template as links or as attachments. The student prepared JHAs are graded on ten (10) knowledge/information categories shown in Table D1 . 
